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describes several excellent strategies to optimize intrinsic 
load and minimize extraneous load.
As noted by the authors, there is legitimate disagreement 
about the construct of germane cognitive load and how it 
relates to intrinsic load. However, we do not agree with 
Leppink and Van den Heuvel’s rejection of germane load 
as an independent construct. Four of six prior studies per-
formed by Leppink [1, 7] produced three-factor solutions in 
factor analysis for cognitive load sub-types. Factor analy-
sis from our own research (manuscripts in preparation) has 
also clearly shown a third factor when looking at cognitive 
load during two different clinical procedures, colonoscopy 
and patient handovers. Moreover, the inconsistent correla-
tion of germane load with learning found in the studies to 
date may in part be due to assessing the learning outcome 
too soon after the intervention. The effect of germane load 
on learning may not be captured within hours of a learning 
task (the time frame used in Leppink’s prior studies). Thus, 
a third factor seems to exist. Reconceiving this third factor 
as ‘subjective judgment of learning’ seems premature at this 
point. Future studies utilizing CLT should focus on further 
specifying, characterizing, and refining the third factor and, 
in so doing, assess its correlation with learning at a later 
time horizon.
We believe that there is a reasonable theoretical argument 
for the construct of germane load. Some understand intrin-
sic load as related to task performance and germane load as 
related to task learning. In this view, germane load encom-
passes the mental activities related to schema construction 
and automation. Others argue that the construct of intrinsic 
load should include schema acquisition and that germane 
load should be limited to additional activities that enhance 
learning such as the conscious application of learning strat-
egies (e.g., compare and contrast) [8]. Still others prefer 
to conceive of intrinsic load as including all of the activi-
Leppink and Van den Heuvel’s [1] article explores cogni-
tive load theory (CLT), a framework for learning that has 
recently received increased attention in medical education 
[2]. CLT builds upon a model of human memory developed 
by Atkinson and Shiffrin [3] that includes three primary 
sub-systems (sensory, working, and long-term memory). 
Unlike sensory and long-term memory, working memory is 
severely constrained—it can only hold a limited number of 
information elements at any given moment [4]. Because of 
this constraint, CLT identifies working memory as a ‘bottle-
neck’ for learning.
With working memory as the rate limiting step, CLT 
focuses on the cognitive load that learning tasks impose 
on the working memory. Originally, CLT described two 
types of cognitive load: intrinsic load (essential to the learn-
ing task) and extraneous load (non-essential to the learn-
ing task and often induced by poor instructional design) 
[5]. Later, CLT researchers proposed a third type, germane 
load, imposed by the deliberate use of cognitive strategies 
to enhance schema formation and automation. Overall, 
instructional techniques developed by CLT aim to optimize 
learning by minimizing extraneous load, matching intrinsic 
load to the developmental stage of the learner, and promot-
ing germane load [6]. Leppink and Van den Heuvel’s article 
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ties attributed by others to germane load. This viewpoint 
rejects germane load as an independent construct. Because 
few researchers have sought to separately measure germane 
load, there is a relative paucity of data to specifically sup-
port any of these three definitions.
We envision intrinsic load as a relatively static character-
istic of a learning task—its inherent difficulty  is not under 
the control of the learner and can only be modified by sim-
plifying the task or increasing the knowledge of the learner. 
Alternatively, we envision germane load—that is, effort 
to construct and refine learning schema—as being largely 
under the control of the learner. As an example, two learners 
with similar prior experience, undergoing the same learn-
ing task in the same format (thus equalizing intrinsic and 
extraneous load between the two learners), could experience 
significantly different levels of germane load depending 
on motivation, effort, and the possession of metacognitive 
skills. Until further research provides additional informa-
tion about germane load, we maintain that there remains 
value in differentiating between the cognitive load associ-
ated with performing the task (i.e., manipulating in working 
memory the relevant information elements) and load asso-
ciated with additional, conscious, and therefore modifiable, 
effort aimed at refining schema (e.g., monitoring one’s own 
understanding, etc.). In fact, we note the potential overlap 
between germane load as ‘conscious and effortful use of 
learning strategies’ and the constructs of motivation (‘effort-
ful’) and meta-cognition [9]. Thus, germane load is likely 
inadequately specified by our current models.
In addition to the forgoing ‘construct’ challenges, there 
are also ‘measurement’ challenges associated with studies 
of CLT. The use of instruments that measure only overall 
load has limited testing and application of the theory. For 
example, integrating visual and written information has been 
shown to reduce overall load and improve learning [10]. 
Some have assumed that this occurs due to decreased extra-
neous load [11] while others have argued that the benefit of 
data integration is also mediated by increased germane load 
[12]. The absence of measures of specific load types per-
mits competing and sometimes contradictory explanations 
to exist in parallel. The development of instruments that 
can measure the different cognitive load sub-types will not 
only help with addressing the ‘construct’ challenges above, 
but are essential to identifying how instructional techniques 
differentially impact the sub-types. Future instruments 
to measure cognitive load should explore the inclusion of 
metacognition concepts given the similarities between the 
concept of germane load and metacognition (e.g., monitor-
ing understanding and adapting action in real time). To date, 
there is no published literature on measuring cognitive load 
sub-types during medical tasks; our own aforementioned 
work should represent an initial foray into this area.
We strongly agree with Leppink and Van den Heuvel’s 
suggestion that future research should address the role of 
emotion in CLT. For example, we know that positive emo-
tions are associated with deeper processing, but there are 
many unknowns. How does the emotional state of the 
learner affect available working memory resources? And 
what kind of strategies can most effectively modulate this? 
To date, CLT has understood extraneous load as related to 
sources external to the learner such as background noise or 
how data are presented on a slide. We note that a learner’s 
anxiety, self-consciousness at being observed by an attend-
ing, fatigue, internal thoughts and distractions, or other 
factors internal to the learner may contribute to extraneous 
load and therefore ‘consume’ working memory resources. 
And the impact of emotion may go beyond extraneous load. 
Future research will hopefully lead to a specification of load 
sub-types that incorporates the impact of internal and affec-
tive processes.
The specific instructional techniques described by Lep-
pink and Van den Heuvel are excellent. In CLT, extraneous 
load strategies have focused on reducing or eliminating the 
source. Some sources of extraneous load may be unavoid-
able (e.g., certain types of interruptions or internally gen-
erated distraction). We wonder if there are ‘teachable’ 
skills—perhaps, mindfulness or concentration maintenance 
skills—that could in effect reduce the WM impact of a given 
distraction. This is a potential area for future research. Of 
note, the techniques of ‘use worked examples’, ‘use com-
pletion tasks’, and ‘start with non-specific goals’, are tra-
ditionally understood as means to reduce extraneous load 
by reducing ‘problem solving search’. The classification 
used by Leppink and Van den Heuvel is consistent with 
this approach. Yet, these techniques could alternatively be 
understood as different examples of ‘part-task practice’—
a strategy for reducing intrinsic load. This highlights the 
point that the distinction between extraneous and intrinsic 
load is contextual and highly dependent on how one defines 
the goal of the learning task. One task’s extraneous load is 
another’s intrinsic load. We also agree with Leppink and 
Van den Heuvel’s recommendation to decrease instructional 
support as the learner cycles from low to high task com-
plexity. We do note that the role of task fidelity may vary, 
depending on the type of task. For example, in tasks such 
as the diagnostic assessment of a patient in a primary care 
setting, the patient can be protected via direct supervision 
which allows for high fidelity tasks for learners very early 
in training. Alternatively, in the case of surgical procedures, 
high-fidelity tasks for early learners could pose patient 
safety risks, and lower fidelity tasks (i.e., retraction, part-
task trainers) are likely more appropriate for early surgical 
learners. These and many other examples highlight the vari-
able role of task fidelity depending on the learning setting.
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Despite these challenges, CLT is a well-developed 
framework that has the potential to make significant con-
tributions to medical education. When a learner’s working 
memory is overloaded, performance is impaired, errors 
occur, and patient harm may ensue. In designing medical 
learning, attending to working memory and the strategies of 
managing cognitive load are highly relevant. As we develop 
more accurate measures of cognitive load sub-types, we will 
be better able to leverage CLT’s understanding of working 
memory to optimize learning for our learners and outcomes 
for patients.
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